Introduction: Concerns about dolutegravir (DTG) tolerability in the real-life setting have recently arisen. We aimed to estimate the risk of treatment discontinuation and virological failure of DTG-based regimens from a large cohort of HIV-infected individuals.
clinical trials, showing non-inferiority compared to raltegravir [3] , and superiority compared to both non-nucleoside reverse transcriptase inhibitors [4] and protease inhibitors-based regimens [5, 6] . In these latter studies, the superiority of DTG was mainly driven by a better tolerability of the drug compared to its comparators, with a lower rate of treatment discontinuations [4] [5] [6] . This elevated performance has been also confirmed in the treatment-experienced (TE) population both as salvage therapy in heavily pretreated subjects [7, 8] , and simplification strategy in virologically suppressed patients [9] . In the latter context, DTG has also been investigated as part of less drug regimens. While simplification to DTG monotherapy has recently demonstrated suboptimal efficacy compared to triple ART [10] , recent randomized trials have demonstrated the non-inferiority to standard ART of the two-drug regimens, DTG plus rilpivirine in virologically suppressed subjects [11] and DTG plus lamivudine (3TC) in ART-na€ ıve patients [12] . This latter combination has also showed promising results as a switching option in a non-randomized trial and in observational studies [13] [14] [15] , whereas a large randomized clinical trial exploring this strategy in now ongoing.
Despite the optimal safety profile demonstrated in clinical trials [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , recent data from observational studies have questioned the tolerability of DTG, reporting a high incidence of discontinuations due to toxicity, mainly related to neuropsychiatric events [16] [17] [18] . Although these findings were not uniformly confirmed [19] [20] [21] , further studies are needed to accurately estimate the tolerability profile of DTG-based regimens in the real-life setting, even considered the forthcoming broad use of DTG both as part of dual regimens in ART-na€ ıve and -experienced patients as well as first-line option in resource-limited countries [2] .
This study aimed to estimate the risk of DTG-discontinuation and virological failure DTG-based regimens and to explore the predictive factors of DTG interruptions in ART-na€ ıve and virologically suppressed TE patients, from a large cohort of HIV-infected individuals.
| METHODS

| Study population
This is a retrospective analysis of prospectively collected data from the Icona (Italan Cohort Na€ ıve Antiretrovirals) Foundation cohort. Icona is an observational cohort, set up in 1997, including HIV-1-infected subjects, na€ ıve from ART at the time of enrolment, seen for care in Italy. To date, the cohort consists of more than 16,000 patients prospectively followed in 51 centres. Demographic, viro-immunological and clinical data together with information on antiretroviral regimens are collected and recorded using an electronic database. Details of the cohort have been described elsewhere [22] .
Both ART-na€ ıve and TE virologically suppressed patients enrolled in the Icona cohort who initiated, for the first time, any DTG-based regimen from January 2015 to December 2017, were included in the analysis. ART-experienced patients were considered virologically suppressed if their most recent available viral load before the DTG initiation was below 50 copies/mL. The reasons for DTG discontinuation, as reported by the treating physicians, were recorded and classified into the following subgroups: simplification (defined as either the reduction of drugs in the regimen or the decrease in daily doses/pills), toxicity (defined as either side effects potentially due to the prescribed drug or demonstrated toxicity to the drug), failure (either virological, immunological or clinical), adherence issues and unknown/other causes (e.g. death, pregnancy, drug-drug interactions, enrolment in clinical trials, physician's choice not otherwise specified).
| Objectives
The primary objective was to estimate the risk of DTG discontinuation regardless of the reason. Secondary objectives were to assess the risk of DTG interruption due to toxicity and, specifically, to neuropsychiatric adverse events and the risk of virological failure. Moreover, factors independently associated with the risk of DTG discontinuation for any reason and for toxicity were identified. Only discontinuations of DTG were considered, regardless of whether the remaining antiretroviral drugs used in the combination had been stopped or not. Virological failure was defined at the time of the first of two consecutive HIV viral loads above the threshold of 50 copies/mL. In ART-na€ ıve patients, virological events were counted starting from six months after ART initiation.
| Statistical analyses
Standard survival analysis by the Kaplan-Meier method was used to estimate the cumulative probability of primary and secondary endpoints as defined above with their respective 95% confidence intervals. We used a marginal model approach to investigate the cumulative risk of DTG stop due to both any and neuropsychiatric toxicity. In this model, the follow-up of patients who discontinued for a reason different from general or neuropsychiatric toxicity was truncated at the date of last clinical follow-up. For the endpoints involving DTG discontinuation participants' follow-up accrued from the date of DTG starting until its discontinuation or the last available clinical visit. For the virological failure endpoint censoring was applied at the date of participants' last available viral load measure. An intention-to-treat approach (ignoring treatment change) was used for the virological failure analysis.
Multivariable Cox regression models were used to identify factors independently associated with the risk of DTG discontinuation for any reason and for toxicity. The following factors were a priori included as covariates in the model: age, gender, mode of HIV transmission, nationality, AIDS diagnosis, hepatitis coinfection, calendar year of starting DTG, most recent CD4 count and HIV RNA (only for ART-na€ ıve patients) at DTG initiation, type of DTG-based regimen and, limited to TE patients, previous virological failure, reasons for stopping previous regimen, duration of ART and of virological suppression prior to DTG initiation. In the ART-na€ ıve group, DTG-based regimens were stratified according to the backbone. Conversely, in TE group, considering the more heterogeneous types of regimens started, DTG-based therapies were stratified according both to the backbone and to the type of regimen (abacavir (ABC)-vs. tenofovir-based standard triple therapies vs. dual therapies). Since the two treatment groups were heterogeneous for almost all the main baseline characteristics, all analyses were performed separately for ART-na€ ıve and TE patients.
All statistical analyses were performed using SAS (version 9.4, SAS Institute, Cary, NC, USA). All p-values presented are two sided and a p-value < 0.05 indicated conventional statistical significance.
| Ethics statement
The Icona Foundation study was approved by the Ethics Committee (institutional review board) of each participating institution. All of the individuals enrolled provided a written informed consent at the time of the enrolment. All procedures of the study were performed in accordance with the 1964 Helsinki declaration and its later amendments.
| RESULTS
| Baseline patients' characteristics
A total of 1679 HIV-positive patients, 932 ART-na€ ıve and 747 TE, who started DTG for the first time in any antiretroviral regimen, were included in the analysis. The main characteristics of the study population at the time of DTG initiation, overall and according to prior ART history, are shown in Table 1 . Briefly, of the 1679 subjects, 20% were female, the median age was 44 years (interquartile range, IQR 35 to 52), the majority of patients contracted HIV infection through sexual intercourses (48% men having sex with men, 37% heterosexual), only few individuals had a prior AIDS diagnosis (14%) or were co-infected with hepatitis viruses (10%). DTG was started in 1402 patients (84%) in a standard triple therapy regimen (63% ABC-based; 37% tenofovir disoproxil fumarate (TDF)/tenofovir alafenamide fumarate (TAF)-based), in 218 patients (13%) as part of a two-drug therapy and in 59 (4%) patients in other regimens. As expected, the two populations significantly differed for most of the baseline characteristics. Particularly, ART-na€ ıve patients were more likely to be younger (p < 0.001), male (p = 0.002), non-Italian (p < 0.001) and to have a higher CD4 cell count nadir (p < 0.001). Almost all ART-na€ ıve patients (95%) started a standard DTG-based triple therapy (52% ABC-based, 48% tenofovir-based) whereas, in the TE group, 70% of patients started DTG within a standard triple ART, mainly ABC-based (81%) and 27% started DTG as part of a dual therapy (p < 0.001 compared to ART-na€ ıve subjects).
| DTG discontinuation for any reason
Overall, over a median follow-up of 11 months (IQR 5 to 18), 121 subjects (7.2%) stopped DTG, of whom 71 were in the ART-na€ ıve group (7.6%) and 50 were in the TE group (6.7%). Reasons for DTG discontinuations were similar across the two groups. Specifically, toxicity was the most common cause for treatment discontinuation in both ART-na€ ıve and TE patients (55% and 54% of DTG discontinuations) followed by lack of efficacy (11% in ART-na€ ıve vs. 6% in TE), simplification (8% vs. 10%) and adherence issues (4% vs. 6%) ( Table 2 ).
In the ART-na€ ıve group, the one-and two-year estimated probability of discontinuing DTG regardless of the reason were 6.7% (95% CI: 4.9 to 8.4) and 11.5% (95% CI: 8.7 to 14.3) respectively ( Figure 1A ). At multivariable Cox regression analysis, after adjusting for potential confounders listed in the Methods, patients diagnosed with an AIDS-defining event were independently associated with a higher risk of stopping DTG for any reason (adjusted hazard ratio, aHR = 3.38, p = 0.001) ( Table 3A) . The AIDS-defining events which occurred in 17 of 71 na€ ıve patients who discontinued DTG were: systemic Cytomegalovirus infection without end-organ disease (n = 7), Pneumocystis jirovecii pneumonia (n = 5), esophageal candidiasis (n = 4), tuberculosis (n = 3), Kaposi sarcoma (n = 3), cerebral toxoplasmosis (n = 2), non-Hodgkin lymphoma (n = 2), cervical cancer (n = 1) and AIDS dementia complex (n = 1). More than one event for a patient could be reported. Of note, five cases of immunoreconstituition inflammatory syndrome were reported in our ART-na€ ıve population (0.5% of all ART na€ ıve patients, 4.6% of ART-na€ ıve patients with a concurrent AIDS diagnosis). Among them, just one patient discontinued DTG.
In the ART-experienced population, the Kaplan-Meier estimates of DTG interruption for any reason were 6.6% (95% CI: 4.6 to 8.6) and 7.6% (95% CI: 5.4 to 9.8) by one and two years respectively ( Figure 1B ). At multivariable analysis, TE patients starting DTG as part of a dual regimen compared to triple therapy, regardless of the backbone, had a lower risk of discontinuation for any cause (aHR 2.50 for ABC-based triple therapies, p = 0.037; aHR 3.56 for tenofovir-based triple therapies, p = 0.012) (Table 3B) . A more durable virological suppression was also associated with a lower risk of interrupting DTG regardless of the reason (aHR per six months longer: 0.94, p = 0.028).
It is worth mentioning that five pregnancies occurred in our population over the observation time. All the five women were on DTG at the time of the conception. Three of them discontinued DTG within the first trimester of pregnancy, while two continued the drug throughout the entire pregnancy. No newborn safety issues have so far been reported.
| Toxicity-driven DTG discontinuation
Overall, DTG discontinuation was driven by toxicity in 66 patients (3.9% of total population, 55% of those who discontinued). All the adverse events were mild or moderate and none of them led to hospitalization or death. Neuropsychiatric adverse events, although rarely observed (2.0%), were the main cause of DTG discontinuation both for toxicity (33/66 (50%) of stops due to adverse events) and for any cause (33/ 121 (27%) of total stops). In our population, the most complained neuropsychiatric symptoms leading to DTG discontinuation were insomnia (n = 11), depression (n = 5), anxiety/ mood disorders (n = 5) and headache (n = 5). Three patients in the ART-na€ ıve group reported suicidal ideation. A detailed description of the neuropsychiatric symptoms leading to DTG stop is shown in Table 2 . A description of the toxicities leading to DTG discontinuation according to treatment group and gender is reported in Table S1 .
Among ART-na€ ıve patients, 39 individuals (4.2%) stopped DTG for an adverse event. Neuropsychiatric events and allergic reactions were the most reported adverse events leading to DTG discontinuations (2.1% and 1.0% respectively) ( Table 2) . At survival analysis, the estimated one-and twoyear probabilities of discontinuing DTG because of adverse events were 4.0% (95% CI: 2.6 to 5.4) and 5.6% (95% CI: 3.8 to 7.5) respectively ( Figure 1C ). Restricting the analysis to neuropsychiatric toxicity, the estimated probabilities of interrupting DTG because of a neuropsychiatric event were 2.1% (95% CI: 1.0 to 3.1) by one year and 2.5% (95% CI: 1.3 to 3.8) by two years ( Figure 1E ). Having started DTG in combination with ABC compared to TDF or TAF was the only factor associated with a significantly higher risk of interrupting DTG for adverse events in previously untreated patients by multivariable analysis (aHR = 3.30, p = 0.009) ( Table 3A) . It is worth mentioning that none of the ART-na€ ıve patients who discontinued DTG for toxicity had changed the initial backbone before the event. In the TE group, 27 DTG discontinuations (3.6% of TE patients) were motivated by adverse events, mostly of a neuropsychiatric and gastrointestinal nature (1.7% and 0.8% respectively) ( Table 2) . At survival analysis, the oneyear estimated probability of interrupting DTG because of both any and neuropsychiatric adverse events in pretreated patients were 2.5% (95% CI: 1.3 to 3.6) and 1.2% (95% CI: 0.4 to 2.0) respectively. The two-year estimated probabilities of discontinuation were 4.0% (95% CI: 2.4 to 5.6) for any adverse event and 1.7% (95% CI: 0.6 to 2.7) for neuropsychiatric toxicity ( Figure 1D,F) . At multivariable analysis, starting DTG as a part of a dual regimen compared to a standard triple therapy confirmed its association with a lower probability of interrupting DTG due to toxicity (aHR 5.26 for ABC-based triple therapies, p = 0.030; aHR 6.60 for tenofovir-based triple therapies, p = 0.024) ( Table 3B ). The significantly lower risk of DTG discontinuation for both any reason and for toxicity with dual regimens over triple therapies was also confirmed after adjusting the results for patients' comorbidities (cardiovascular risk class, renal function, cholesterol levels) (data not shown).
| Virological failure
Overall, during the observation time, virological failure occurred in 45 patients (2.7%) of whom 24 were ART-na€ ıve (2.6%) and 21 were TE (2.8%) patients. The Kaplan-Meier estimated probabilities of experiencing virological failure at one and two years of treatment were 1.2% (95% CI: 0.3 to 2.0) and 4.6% (95% CI: 2.7 to 6.5) in the ART na€ ıve group and 2.2% (95% CI: 1.0 to 3.3) and 2.9% (95% CI: 1.5 to 4.3) in the TE group respectively ( Figure 1G,H) . Particularly, in the subgroup of 122 TE patients who switched to DTG plus 3TC dual regimen, only one patient (0.8%) experienced virological failure over the entire follow-up. The genotype resistance test after virological failure, performed in 10 patients (four ARTna€ ıve and six TE), did not show the emergence of new major drug resistance mutations.
| DISCUSSION
In this large observational study, including 1679 HIV-infected individuals (of whom 932 ART-na€ ıve) starting a DTG-based therapy for the first time showed optimal efficacy and high tolerability with an overall low rates of virological failures (2.7%) and treatment discontinuations (7.2%). Consistently with data from postregistration studies [16] [17] [18] [19] 21] in our population, toxicity, mainly related to neuropsychiatric events, was the leading reason for stopping DTG. Particularly, in line with previous findings [17, 23] , insomnia along with depression and mood disorders were the most frequently complained neuropsychiatric symptoms leading to DTG stop.
Nonetheless, the rates of DTG discontinuation due to adverse events and, specifically, to neuropsychiatric events observed in this study (3.9% and 2.0%, respectively) were considerably lower compared to several recent observational studies showing rates of DTG interruptions ranging from 7.6% to 13.7% [16] [17] [18] , with the highest occurrence reported in the Dutch cohort (13.7%, 71% due to neuropsychiatric toxicity) [16] . In the large cohort examined by Hoffman et al., although the rates of adverse events leading to treatment stop were similar between DTG and elvitegravir (7.6% at 12 months), the risk of discontinuing treatment for neuropsychiatric events was consistently higher for the former (5.6% vs. 0.7% at 12 months) [17] . However, this increased risk of DTG discontinuation due to toxicity was not uniformly confirmed in real-life settings. In fact, in line with our findings, several observational studies reported lower rates of discontinuation of DTG-based regimens because of toxicity [19] [20] [21] , with a tolerability profile comparable to the other integrase strand transfer inhibitors [19, 21] . In particular, the Swiss HIV cohort study, reported rates of DTG discontinuation within the first year, due to both unspecified and neuropsychiatric toxicity, comparable to our results (3.9% and 1.7% respectively) [21] . Currently, to the best of our knowledge, the rates of DTG discontinuation regardless of the reason and related to toxicity in our study are among the lowest reported in a real-life setting. Of note, our results are comparable to those reported in randomized and non-randomized clinical trials (1% to 12% discontinuations for any reason and 0% to 4% discontinuations due to adverse events after 12 months) which are, however, likely to include selected populations at lower risk of adverse events, therefore limiting the generalizability of the findings [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The heterogeneous composition of study populations might partially explain the discrepant discontinuation rates between our study and previous observational reports. In particular, our results are based, as for the Swiss cohort [21] , on a nation-wide HIV cohort including patients from multiple different centres and, thus, are probably less influenced by patients' selection or channelling biases than specifically designed observational prospective or retrospective databases.
Noteworthy, to date, our cohort includes one of the largest ART-na€ ıve population treated with DTG considering clinical trials as well as postmarketing studies. The low risk of toxicity limiting DTG treatment (5.6% by two years) and the negligible rates of neuropsychiatric events leading to DTG discontinuation (2.1%) observed in our ART-na€ ıve population are in line with preliminary pharmacovigilance data reported from a large Brazilian ART-na€ ıve cohort showing extremely low rates of DTG-related adverse events (2.7%), mostly related to neuropsychiatric and gastrointestinal toxicities [24] . Despite the differences in healthcare setting and HIV epidemiology, our data might add reassuring information in the light of the forthcoming broad use of DTG-based first-line therapies in middle-and low-income countries after the recent update of WHO guidelines recommendations [2] . Although DTG rollout in resource-limited countries is predicted to be not only effective but also cost-effective, particularly in view of the increasing prevalence of pretreatment NNRTI resistance [25] , several questions on DTG safety remain to be addressed, particularly in special sub-populations as severely immunocompromised patients and pregnant women [26, 27] . In this latter group, surveillance data from Botswana cohort have recently reported potential risk of neural tube defects in infants born to women who were taking DTG at the time of conception [28] , leading to the release of a safety alert on DTG use in pregnancy [29] . Although no birth defects were reported in women exposed to DTG at the time of conception in our cohort, the few pregnancies that occurred, the low number of women of childbearing age and the deficiency on pregnancy outcomes, do not allow this study to address any concerns on DTG use during pregnancy.
Concerning predictive factors of DTG interruption, in our ART-na€ ıve population, a concurrent AIDS diagnosis predicted a higher risk of discontinuing DTG regardless of the reason. Toxicity issues, potential pharmacological interactions along with compromised patients' clinical condition could partially explain this finding. Ongoing clinical trials with less restrictive exclusion criteria will probably contribute to better clarify this association, which assume a remarkable importance in the light of the future extensive use of DTG in resource-limited countries where HIV diagnosis and ART initiation generally occurs at a more advanced stage of the disease.
Consistently with previous findings [16, 17] , in our cohort, ART-na€ ıve patients starting DTG in combination with ABC were at higher risk of experiencing adverse events leading to treatment discontinuation compared to TAF or TDF. Pharmacokinetic-driven drug-drug interaction, initially postulated to explain this result [16] , has been contradicted by further evidence [30] . This finding, to date not confirmed in previously randomized clinical trials in which DTG and ABC were coadministrated [3, 6] , should be taken with caution because potential bias due to selection or due to an enhanced awareness of treating physicians on DTG tolerability cannot be ruled out.
In the TE group, patients starting a DTG-based dual therapy showed a lower risk of drug interruption for any reason and for toxicity as compared to the subjects on a triple therapy, even after considering patients' baseline comorbidities and history of previous failure. However, channelling bias cannot be completely ruled out. Indeed, heavily pretreated patients with fewer therapeutic options left or more adherent patients could be preferentially selected by physicians to start a lessdrug regimen than a triple therapy. Although GEMINI trials did not show any differences in terms of discontinuations for toxicity between DTG plus 3TC and DTG-based triple therapies in ART-na€ ıve patients [12] , data from controlled clinical trials comparing DTG-based dual and triple ART in TE patients are awaited in order to verify this result. If the low risk of discontinuation of DTG-based dual versus triple regimens in pretreated patients is confirmed, the choice of DTG-based dual regimens as switching strategy will become more attractive, adding the advantage of the good tolerability to the already demonstrated high potency, low potential for drug interactions and low cost.
This study is not without limitations, including the observational nature of the study, which is prone to bias due to unmeasured confounders, the short follow-up duration with a median less than one year, the possible patient selection biases, the incomplete information available about concomitant medications and the potential inaccurate reporting of reasons for DTG discontinuation. Nonetheless, this study has it strengths in the description of the real-life setting and the large sample size, especially for the ART-na€ ıve patients.
| CONCLUSIONS
In conclusion, we provided further evidence that DTG has an excellent virological efficacy in both ART-na€ ıve and TE patients. Furthermore, our data suggest a high tolerability of DTG-based regimens as first-line therapy in ART-na€ ıve patients as well as switching strategy in TE virologically suppressed patients, thus reassuring on the use of DTG in clinical practice. Although adverse events, especially neuropsychiatric symptoms, represented the main reason for stopping DTG, their frequency was relatively low. Severely immunocompromised ART-na€ ıve patients appeared to be at higher risk of DTG discontinuation and, thus, warrant a closer monitoring. While awaiting for the results of randomized trials comparing dual versus triple DTG-based therapies in TE aviremic patients, our data offer an insight into this question. 
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